The objective of this project was to design a radio architecture using the ITS spectral allocations in the 220-222 MHz Land
Mobile band which provides a multi-mode operation optimized for point-to-point, mobile, and multiple access communications. A radio performance goal was to achieve greater than 3 bits/second/Hz transmission efficiency for mobile applications, and greater than a 5 bits/second/Hz transmission efficiency for point-to-point applications. An additional important goal of this project was to explore potential ITS applications of the modem technology particularly as applied to an application in sensor telemetry concentration. The fixed point modem will be deployed for remote surveillance camera control as a part of the Borman Expressway Advanced Traffic Management System in northern Indiana. In Figure 1 . The system is used to transmit sensor telemetry and compressed video taken from cameras at the three interchanges to the traffic management center (TMC) and to the incident response vehicle (IRV).
As shown in the figure, the backbone link is constructed with a spread spectrum radio at center frequency 5.7 GHz (C band) and 125 [2] , and I-Q trellis codes [3] . As described in the following two sections, we have investigated a number of these methods with the idea of clarifying the performance/complexity tradeoffs in the context of our experimental 220
MHz system. The work described here also involves an investigation of optimal receiver diversity techniques for pilot symbol assisted (PSAM) modulations. 5 antenna, but with a small frequency offset [5] . The technique will produce a timevarying fading at the receiver even in the absence of motion. [4] of the inputs from the antennas.
High Rate QAM Codes
Divsalar and Simon [10] showed that the pairwise error event for trellis coded modulation (TCM) on Rayleigh fading channels with ideal interleaving is given by
where rj is the set of all 7] 
Field Testing of the Mobile Modem
The prototype wireless modem has evolved to the point where large amounts of data can be transmitted and analyzed. Using 0.5 watt transmit power from each of the three antennas, a working range of several miles is attained. Fig. 6 is a map of a typical field test in Lafayette, Indiana.
Three half wavelength vertically polarized antennas were used at the base station, and a single vertical whip antenna was used at the mobile unit. The base station antennas were mounted atop a six story parking garage and spaced about twenty feet apart in a linear array. For these tests, the symbol rate was 3.57 kbps, the pilot insertion rate was 10, the interleaver depth was 36, and the intentional frequency offset was 29.76 Hz.
Plots of a few of the PS AM channel estimates of 10 second bursts of data are shown in Fig. 7 . The first plot is without transmitter antenna diversity to show just the fading induced by the multipath reception. The second plot also shows the intentional fading induced by the transmitter diversity scheme; it is obvious that the fading is more rapid and our design goal of using a shorter interleaver can be achieved.
The BEP of several of the locations in this field test is displayed in Fig. 8 List of Tables   Table 1: Details of codes implemented to date in the ITS modem. Effects of diversity on BEP performance for uncoded BPSK and 16-QAM. The Cavers rate 1/2 TCM doesn't achieve L^=3 when combined with transmitter frequency offset diversity. Sampled mobile channels (log scale). The first channel is with a single transmitter antenna and the second is with three transmitter antennas and frequency offset modulation. The sensor concentration scenario as might be implemented in a future
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